Darwin regarded emotions as predispositions to act adaptively, thereby suggesting that characteristic body movements are associated with each emotional state. To this date, investigations of emotional cognition have predominantly concentrated on processes associated with viewing facial expressions. However, expressive body movements may be just as important for understanding the neurobiology of emotional behavior. Here, we used functional MRI to clarify how the brain recognizes happiness or fear expressed by a whole body. Our results indicate that observing fearful body expressions produces increased activity in brain areas narrowly associated with emotional processes and that this emotion-related activity occurs together with activation of areas linked with representation of action and movement. The mechanism of fear contagion hereby suggested may automatically prepare the brain for action.
W
hen danger lurks, fear spreads through a crowd as body postures alter in rapid cascade from one individual to the next. Animal ethologists have described situations in which emotions are communicated behaviorally through rapidly changing behavior as can be observed in the flight of a flock of birds when a source of danger appears at the horizon (1) . The notion of emotional contagion is sometimes used to refer to similar automatic posture adjustments in humans (2) . From Darwin's evolutionary perspective, communication of emotion by body movements occupies a privileged position as emotions embody action schemes that have evolved in the service of survival (3) . However, at present, little is known about the possible mechanisms in the human brain sustaining bodily communication of emotion in the service of adaptive action. The present study begins to explores this issue.
To date, most investigations of the perception of emotion have concentrated on brain activity generated by the recognition of still images of facial expressions, and virtually all that is known about perception of emotion in humans is based on such data. Major insights concern the role of the amygdala in concert with that of the fusiform cortex, prefontal cortex, orbitofrontal cortex (OFC), medial frontal cortex, superior temporal sulcus, and somatosensory cortex (4, 5) . Interestingly, however, some of these same areas also seem to play a role in processing biological movement. For example, viewing biological movement patterns, which are experienced as pleasant, activates subcortical structures, including the amygdala (6) , and visual perception of biological motion activates two areas in the occipital and fusiform cortex (7) . Recent findings in non-human primates have drawn attention to the brain's ability to represent actions through canonical neurons (similarly active when viewing an object and grasping it) and mirror neurons (similarly active when observing an action and performing the action) (8, 9) . However, to date, it is not known whether these brain areas play a role when humans view body movements expressing emotion.
Studies on neutral body postures and movements have already revealed some intriguing similarities between visual perception of faces and of bodies. For example, faces and bodies both have configural properties as indexed by the inversion effect (10) , and the global structure of the whole body is also an important factor in the perception of biological motion (11) . Evidence from single-cell recordings suggests a degree of specialization for either face or body images (9) . Neurons reacting selectively to body posture have been found in recordings from monkey superior temporal sulcus. Similarly, a functional MRI study exploring the contrast between objects and neutral body postures revealed activity in lateral occipitotemporal cortex (12) . On the other hand, there appear to be similarities between emotional body expressions and faces. A striking finding (13) is that observing bodily expressions activates two well known face areas (inferior occipital gyrus and middle fusiform gyrus) predominantly associated with processing faces but also linked with biological movement (6) . These activations in face-related areas may result from mental imagery (14) , or alternatively, and more probably, from context driven high-level perceptual mechanisms filling in the face information missing in the input. However, this is unlikely to be the only explanation for similarities between facial and bodily expressions of fear. In a direct comparison of facial expressions and bodily expressions, we observed that the N170 waveform is obtained for faces and bodies alike, but not for objects (15) . The time window of the N170 waveform suggests that there is similarity in visual encoding between faces and bodies. A further indication is provided by the fact that fusiform gyrus activity is specifically related to presentation of fearful bodily expressions. This finding suggests a mechanism whereby amygdala modulates activation in visual areas, including fusiform face cortex as previously found for facial expressions (16, 17) .
The present study investigated the perception of fearful and happy bodily expressions by using functional MRI. We used a two-condition paradigm, in which images of bodily expressions of fear and happiness alternated with images of meaningful but emotionally neutral body movements. These whole-body actions provide an appropriate control condition because, similar to emotional body movements, they contain biological movement, they have semantic properties (unlike abstract movement patterns), and they are familiar. Selecting meaningful neutral body movements allowed us to create comparable conditions with respect to implicit movement perception, which is a process we expected to take place when participants viewed still images of body actions. To focus specifically on whole-body expressions, in all images the faces were blanked out. To avoid task interference, we used a passive viewing situation and participants were not given instructions that might have prompted imitation or mental imagery of the actions shown. Our main hypothesis was that viewing bodily expressions of emotions (either fear or happiness) would specifically activate areas known to be involved in pro-cessing emotional signals, as well as areas dedicated to action representation and motor areas.
Methods
Participants. Functional magnetic resonance images of brain activity of seven participants (four males) were collected in a 3-T high-speed echoplanar imaging device (Siemens, Erlangen, Germany) by using a quadrature head coil. Materials. Video recordings of 16 semiprofessional actors (eight women, 22-35 years of age) were used for stimulus construction. Actors performed with their whole body meaningful but emotionally neutral actions (pouring water into a glass, combing one's hair, putting on trousers, or opening a door) or expressive gestures (happy, fearful, sad, or angry). In each case, before the recordings they were briefed with a set of standardized instructions. For the neutral body actions, instructions specified the action to be performed. For emotional body actions, instructions specified a familiar scenario (for example, opening a door and finding an armed robber in front of you). Still images were obtained from the videos by selecting manually the most informative frames from the video file and converting them to grayscale pictures. Four-choice identification tests were administered to a group of participants (n ϭ 18, nine women, 22-35 years of age), one with 64 pictures of the expressive gestures (16 actors ϫ 4 emotions) and one with 64 pictures of emotionally neutral gestures (16 actors ϫ 4 types of gestures). Average identification accuracy was 75% for emotional and 94% for neutral gestures. On the basis of these results, the eight bestrecognized images of happy and fearful gestures were retained from the emotion category for subsequent testing. For the neutral gestures, the eight best-recognized picture were equally retained. Mean percent correct four-choice identification for the retained pictures was 85% for the emotional and 95% for the neutral gestures.
A second pilot experiment was run with a different group of subjects (n ϭ 10, six women, 24-33 years of age) to obtain data on intensity of evoked movement impression. The 24 images retained for the main experiment were presented one by one in random order and subjects were instructed to rate the movement information on a five-point scale (from 1 for the weakest impression to 5 for the strongest). The mean ratings for the three categories were nearly identical (neutral, 3.5; fearful 3.5; and happy, 3.3). The possibility that the obtained differences in activation level were artifacts of differences in evoked movement can safely be discarded.
In the scanner, the 24 selected images (8 fearful, 8 happy, and 8 neutral) were used in two separate runs by using an ABblocked design (fearful vs. neutral; happy vs. neutral). Each block lasted 24 s, during which the pictures were randomly presented for 300 ms followed for 1,700 ms by a blank interval during which only a fixation cross was present.
Data Analysis. The techniques used in our analysis are similar to those described in ref. 18 . Each functional run was first motioncorrected with AFNI software (19) and spatially smoothed by using a three-dimensional Gaussian filter with full width at half maximum of 6 mm. The mean offset and linear drift were estimated and removed from each voxel. The spectrum of the remaining signal was computed by using the fast Fourier transform at each voxel. The task-related component was estimated as the spectral component at the task fundamental frequency. The noise was estimated by summing the remaining spectral components after removing the task harmonics and those components immediately adjacent to the fundamental. The phase at the fundamental was used to determine whether the blood oxygenation level-dependent (BOLD) signal was increasing in response to the first stimulus (positive phase) or the second stimulus (negative phase).
Each participant's functional MRI scan was registered to a high-resolution T1. The real and imaginary components of the Fourier transform of each participant's signal were resampled from locations in the cortex onto the surface of a template sphere to bring them into a standard space. The techniques for mapping between an individual volume and this spherical space are detailed by Fischl et al. (20) . The T1 volume was also registered to the MNI305 Talairach brain (21) . Functional data were registered to the T1 volume. This procedure allowed the results of the individual per-voxel analysis to be resampled into both volume-based Talairach space and the surface-based spherical space to perform group random effects analysis. Group-average significance maps for the cortical surface and for the volume were computed, by using General Linear Model analyses to perform random-effects averages of the real and imaginary components of the signal across subjects on a per-vertex and per-voxel basis. Cross-subject variance was computed as the variance pooled across the real and imaginary components. Significance of the average activation was determined by using an F statistic and mapped from the standard sphere to a target individual's cortical surface (20) . Maps were visualized on this individual's surface geometry, overlaying a group curvature pattern averaged in spherically morphed space (20, 22) .
On the cortical surfaces, clusters of contiguous vertices with a significance of P Ͻ 0.05 and covering an area of at least 185 mm 3 were identified. Talairach coordinates and the corresponding structure of the center of each cluster, identified by visual inspection of the target individual's anatomy, are given in Table  1 . To correct these clusters for multiple comparisons, 5,000 Monte Carlo simulations of the averaging and clustering procedure were run, by using as input volumes synthesized white Gaussian noise, smoothed and resampled into spherical space. Clusters were found in 187 cases, yielding a significance of P ϭ 0.0374 for the clusters. We similarly identified clusters in the Talairach space average, by using P Ͻ 0.05 and volume of Ͼ135 mm 3 as constraints.
Results
Observed activities for the fear vs. neutral comparison were grouped in functionally related clusters: areas related to emotional stimulus detection and orientation, areas related to visual processing, areas associated with emotional evaluation, areas associated with action representation, and motor response areas (Figs. 1-4 and Table 1 ).
Discussion
Our major finding is that viewing fearful whole-body expressions produces higher activity in areas specifically known to process emotional information (amygdala, orbitofrontal cortex, posterior cingulate, anterior insula, retrospenial cortex, and nucleus accumbens) than viewing images of meaningful but emotionally neutral body actions. In contrast, a similar comparison of happy bodily expressions with neutral ones only yielded increased activity in visual areas. Besides activity in emotion-related areas, we also observed significant fear-related activation in areas dedicated to action representation and in motor areas. The integrated activity of these groups of areas may constitute a mechanism for fear contagion and for preparation of action in response to seeing fear, which presumably operates in a direct, automatic, and noninferential fashion, similar to what has so far been argued for automatic recognition of fear in facial expressions (4, 23) .
Observing fearful body expressions modulates cortical and subcortical visual areas. Previous studies (24) have shown that the emotional component of a stimulus is reflected in higher activation in visual cortices as we find here for both the contrast between fear vs. neutral and happy vs. neutral body representations. The activity related to stimulus detection͞orientation and visual processes in superior colliculus and pulvinar is compatible with models in which a rapid automatic route for fear detection is envisaged (5, 25, 26) . A major function of this route is to sustain rapid orientation and detection of potentially dangerous signals based on coarse visual analysis, as can be performed by the superior colliculus. This subcortical motor activity may be part of a broader subcortical pathway for processing fear signals and involving projection from retina to superior colliculus and to pulvinar, as previously argued for faces (26) (27) (28) . The pathway allows processing within a limited range of spatial frequencies that is still sufficient for facial expressions as illustrated by residual visual abilities of patients with striate cortex lesions (28) . This same nonstriate subcortical-based route can also sustain recognition of bodily expression of emotion in patients with striate cortex damage (B.d.G., L. Weiskrantz, and N.H., unpublished data).
Our results indicate that viewing bodily expression of emotion influences activity in visual cortical areas that have shown modulation of activity as a function of emotional valence of the stimuli (striate and extrastriate cortex, fusiform gyrus, inferior occipital gyrus, and middle occipital cortex) (16, 17, 29) . In contrast, in the happy vs. neutral condition, the only areas that were significantly more activated for the happy condition were located in the left and the right visual cortices (see Table 2 ). Emotional modulation of visual processes has so far only been observed when facial expressions were used as stimuli.
The present finding of amygdala activation for fear expressed in the whole body contrasts with neuropsychological reports suggesting that amygdala damage only impairs emotion recog- Table 1 ). L, left; R, right. nition for faces, but not for scenes in which facial expressions were erased and has led to the notion that amygdala might be specialized only for facial expression of fear (30) . The present results clearly indicate otherwise. As our design maximized similarity between conditions for all stimulus aspects, except those related to emotion, we did not predict condition-specific activity in visual areas associated with viewing human bodies in lateral occipitotemporal cortex (12) . Our results raise the possibility that the similarity in neural activity for the perception of bodily expressions and facial expressions may be due to synergies between the mechanisms underlying recognition of facial expressions and body expressions, and to common structures involved on the one hand in action representation, and on the other in rapid detection of salient information like a fearful bodily expressions. Of special interest, given the use of body images, is the activity in OFC, which influences response to stimuli at multiple levels of processing (31) . Signals arising in OFC control regulatory processes in emotions and feelings in the body but also in the brain's representation of the body (32) . OFC acts in concert with the amygdala and somatosensory͞insular cortices, both activated here. Observed activity in anterior insula is consistent with the role of this structure in connecting prefrontal cortex and the limbic system and with the role of insula in interoception (33) . Activity in posterior cingulate cortex is consistent with earlier findings of a role for this structure in studies of emotional salience (34) . Interestingly, besides their role in emotional processes, posterior cingulate and retrosplenial cortex are associated with spatial coding (35) . Also of interest is the finding that nucleus acccumbens figures among the emotion-specific activations, indicating that this structure plays a role not only in reward (36) but also, more generally, in processing affective stimuli, including negative ones.
An important area of research in the last decade concerns the way in which the brain recognizes actions. In studies of nonhuman primates, both canonical and mirror neurons have been observed (8, 9, 37) . Findings from cell recordings in monkeys, as well as from neuroimaging studies in humans (9, (38) (39) (40) , provide increasing insight for a network of structures dedicated to action representation. The superior temporal sulcus, the parietal cortex, and the premotor cortex are activated during the perception of simple finger movements (41), pantomimes (42) (43) (44) , and object-directed actions (9, (43) (44) (45) . Areas that are reported to be active under conditions of imitation and imagined action or motor imagery are the dorsolateral prefrontal cortex, precentral gyrus, supplementary motor area (SMA), inferior parietal lobe, cingulate, subcortical nuclei, and cerebellum (44) . Now, our results indicate that viewing images of bodily expressions of fear activates central structures in the network of areas previously associated with the observation of action (44): the premotor cortex, SMA, inferior frontal gyrus (IFG), middle frontal gyrus, and parietal cortex. In the present case, the activations are not explained by the presence of object-directed movements or even of movement per se. Passive viewing of still images of bodily expressions activates areas in the occipitoparietal pathway reaching the SMA, cingulate gyrus, and middle frontal gyrus, which has been detected during the observation of actions with the intent to imitate later and voluntary action (42, 44) , and suggests that passive viewing can initiate motor preparation. Activity in caudate nucleus was also observed for motion stimuli (46) . Interestingly, the present activations may follow from a process whereby the brain fills in the missing dynamic information (47) . Yet, the important point here is that this process is specific for fear, as indicated by the fact that the fear images produce increased activation in well known emotional areas. It is also unlikely that the activity in these emotion-related areas would be produced by the presence of more implicit motion cues in the fear than in the neutral body images. As indicated by the results of the second pilot experiment, there is no difference between the images in this respect. So far, activation of emotion-related brain areas for movement per se has not been reported in the literature. In the happy-neutral blocks, the only activity related to the emotion as compared with the neutral condition concerns visual areas. This finding suggests that seeing happy bodily expressions evokes considerably less condition-specific activity in areas related to action representation and in motor areas. Presumably, action representation and motor imagery are also present in the happy-neutral condition without being specific for perceiving either happy or neutral bodily expressions.
Of particular interest is the activity in SMA. Our central prediction was that viewing bodily expressions would activate areas related to processing emotion and generate activity in motor areas through cingulate and prefrontal areas with a crucial role to be played by SMA, given the connections of SMA to M1. Activity in the pre-SMA face area is consistent with previous reports (43, 48) on its role in preparation to act more than in action observation. In this case, pre-SMA activity may reflect preparation to act upon perceiving fear in others. SMA itself may also play a role in movement control in case of emotion-inducing stimuli. The present results are consistent with findings on reciprocal interactions between the amygdala and subcortical and cortical structures involving the striatum and OFC (49) . The present finding of the role of body representations in emotional states evokes the findings on spontaneous and automatic imitation of facial expression observed earlier (50) . As been argued in the latter case, such imitative reflexes are nonintentional and cannot be observed with the eye but they stand out clearly in electromyography measurements. At the conceptual level, such emotional resonance or contagion effects may correspond to minor functional changes in the threshold of bodily states in the service of automatic action preparation. Processes responsible for contextual integration with real-world knowledge presumably regulate and suppress these emotional body reflexes when they are not adaptive.
Whole-body expressions of emotion have not been used previously to study emotional processes in the brain. Our findings are consistent with the notion that the amygdala is a critical substrate in the neural system necessary for triggering somatic states from primary inducers (51), among which the sight of a fearful body expression figures. The observed coupling of the strong emotion-related activity with structures involved in canonical action representation (predominantly the parietomotor circuit) and the mirror neurons circuit (predominantly the intraparietal sulcus, dorsal premotor cortex, superior temporal sulcus, and right parietal operculum) suggests that the two structures play a role in social communication (52) . Further research is needed to clarify these issues. Finally, the present results indicate a role of the putamen and caudate nucleus in viewing bodily expressions of fear. Interestingly, the caudate nucleus and putamen are predominantly known for their involvement in motor tasks but have also been associated with motivational-emotional task components. The caudate nucleus and putamen are damaged in Parkinson's disease (53) and Huntington's disease (54) , which are both characterized by motor disorders as well as by emotion deficits.
Our study shows that presentation of stimuli expressing fear produces, besides activation of centers associated with emotion, activations of circuits mediating actions. This finding clearly suggests an intrinsic link between emotion and action. Yet, it does not imply that neutral stimuli or stimuli expressing happiness do not activate these circuits, which we know they do (55) . As a matter of fact, we capitalized on the findings that still images of neutral actions elicit action representation and are thus appropriate to use as controls for investigating emotional body expressions, which, as we predicted, also elicit action representation.
A central issue to consider in future research concerns the relation between emotion and movement. However, at present, we do not know whether the dynamics and kinematics of fearful body movements are quantitatively and qualitatively different from those of neutral actions and from movements expressing emotions other than fear. For example, it is not yet known whether actions and body expressions of emotions are all built from the same basic set of motor primitives. In that perspective, the movement properties of emotional body expressions are best seen as modulations of a basic set of all-purpose motor primitives, or a general motor syntax. Alternatively, emotional body expressions represent a domain of sui generis motor competence.
